Abstract. The effect of anisotropic scattering has been studied in UO 2 and MOX fueled LWR cells and cores. The effect is negligibly small for UO 2 fueled cells, but the effect is remarkable for the MOX fueled cells and cores. For the MOX fuel cells, the anisotropic effect decreases k inf by 0.15 ~ 0.23% ∆k/k depending on the moderator to fuel volume ratio. For small UO 2 and MOX cores, the anisotropic scattering leads to the flux peaking in water reflectors, and the increase of neutron absorption in the reflector decreases k eff remarkably.
INTRODUCTION
The anisotropic scattering in conventional uranium fueled LWR cells has no remarkable effect on the neutronic characteristics. However we found that in mixed oxide (MOX) fueled cells the anisotropic scattering effect is relatively large because of the large neutron absorption in MOX fuel [1, 2] .
The purpose of this paper is to systematically investigate the effect of anisotropic scattering on neutronics characteristics in both cell and core geometry. Because in core geometry, the anisotropic scattering occurs in the moderator region surrounding the core, it is important to investigate the difference between the anisotropic scattering effects in cell and core geometry. The anisotropic scattering effect is studied for cores with UO 2 and MOX fueled cells. In ordinary cell calculation codes for LWRs, the transport correction, which is an approximation replacing the scattering cross section by a transport-corrected one, is widely used. This correction is performed by subtracting the quantity Σ is the scattering cross section for group g and 0 µ is the average cosine of the scattering angle. The transport correction is often used in the current design calculations of LWRs loaded with UO 2 fuel because the neutron flux is relatively isotropic. However, thermal neutron absorption cross sections and resonance absorption cross sections of plutonium nuclides are larger than those of uranium nuclides. In the MOX fuel, therefore, it is desirable to consider the anisotropic scattering effect explicitly in the reactor physics code to predict the neutronics parameters more accurately.
Therefore, we compare the results of cell and core calculations by considering the anisotropic scattering with those by using the transport correction, and discuss the accuracy of the transport correction.
ANALYSIS IN CELLS

Calculational Method and Model
To treat the heterogeneity within fuel cells the method of characteristics (MOC) has been utilized. In MOC, the outgoing neutron flux from a region is calculated in terms of the incoming neutron flux and the neutron source: Calculations have been performed for the UO 2 and MOX fueled cells. The fuel and the outer radius of the cladding are set to 0.403 and 0.475 cm, and the moderator to fuel volume ratio is changed as Vm/Vf = 1.0, 1.7, 3.0. To treat the spatial distribution of the higher order flux moments, particle the neutron current, a cell is divided into many regions (120 regions). The enrichment of U-235 of the UO 2 fueled cell is set to 4.5 wt%, and Pu fissile enrichment of the MOX fueled cell is set to 7.1 wt%. For the MOX fueled cell, the isotopic ratio of Am-241, Pu-239, 240,241,242, is 1.9 wt%, 58.6 wt%, 23.8 wt%, 10.2 wt%, 5.5 wt%.
Numerical Result
Let us first investigates the anisotropic effect on k inf for cells with various Vm/Vf values. Table 1 shows k inf values for the cells with Vm/Vf = 1.0, 1.7 and 3.0. The anisotropic scattering effect is expressed by the difference between k inf values for P n and P 0 scattering. For the UO 2 fueled cells, the anisotropic scattering effect is small particularly for the conventional all with Vm/Vf = 1.7 . The anisotropic scattering effect is negative for the cell with Vm/Vf = 1.0 and positive for the cell with Vm/Vf = 3.0, though the effect is small. For the MOX fueled cells, the anisotropic scattering effect is large and negative, and the effect is dependent on the Vm/Vf values.
The anisotropic scattering effect decreases the neutron source in the moderator because neutron current is negative as shown in Fig. 1 and the source is defined in Eqs. (2) . As the result the neutron flux in the moderator and the fuel calculated by considering the anisotropic scattering effect become small below ~10eV as shown in Fig. 2 . This spectrum hardening leads to smaller k inf . The use of transport cross section leads to overestimation of k inf (see Table 1 ). As shown in Fig. 3 , the transport cross section in the moderator is almost constant for the energy range 1eV ~ 10 5 eV and smaller by ~ 50% than the moderator total cross section in the energy range. Below 1eV, the difference is small. Thus the neutron source in the moderator becomes small below 10 5 eV but does not decrease below 1eV. As the result, the neutron spectrum becomes relatively large below 1eV as shown in Fig.  2 . Thus k inf increases when using the transport cross section. moderator region FIGURE 2. Difference between neutron spectrum for P 1 , P 0 scattering and for the transport approximation.
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FIGURE 3. Comparison of transport and total cross sections in fuel and moderator.
ANALYSIS IN CORE
Calculational Method and Model
The Sn method has been utilized to analyze core configuration. Each fuel was modeled by a square. The side length of the square is to 0.8cm. The all pitch is changed by selecting the moderator to fuel volume ratio as Vm/Vf = 3.0, 1.5, 1.0. Core calculations are performed for the 1-D array of cells with a moderator as shown in Fig. 4 . Three core configurations are considered. Case A, B and C contain 4, 8, and 12 fuel cells as shown in Fig. 4 . The 107 group cross sections obtained for the cell calculations are also used for the core calculations.
The P 0 , P 1 scatterings are considered, because the higher order scattering has a little effect on neutronics characteristics. Calculations are performed for the array of UO 2 fuel with 2.8wt% U-235 enrichment and for the array of MOX fuel with Pu fissile enrichment of 2.2, 3.7 and 5.2 wt%. 
Numerical Results
The k eff values for the arrays of fuel cells with Vm/Vf=3.0 are shown in Table 2 . The k inf values of infinite cells are also presented. For the small cores with 4 cells the P 1 anisotropic effect on k eff is about -1.0%. This large anisotropic effect is caused by the large neutron absorption in the moderator because the flux has a stronger peak when considering the P 1 scattering as shown in Fig. 5 . This large flux peak is seen for the both UO 2 cells and MOX cells.
When the core becomes larger, the anisotropic effect because smaller as shown in Table 2 , and approaches that for the infinite cells. The anisotropic effect for the array of UO 2 cells is small, and that for the array of MOX cells is relationally large. It should be noted that the anisotropic effect is larger than that for the infinite cells because of the large flux peak in the moderator in the P 1 scattering case. Tables 3 and 4 show the k eff values for the arrays of cells with Vm/Vf = 1.5 and 1.0, respectively. The similar trend is seen for the anisotropic effect. 
CONCLUSIONS
The effect of anisotropic scattering was investigated in UO 2 and MOX fueled LWR cells and cores. The effect was negligibly small for UO 2 fueled cells.
The anisotropic scattering effect for the MOX fueled cells decreased k inf by 0.15~0.23%∆k/k depending on the moderator to fuel volume ratio. The decrease of the k inf was investigated. The anisotropic scattering decreases the neutron source in the moderation because the neutron current flows forwards the fuel from the moderator, and the neutron flux hardening occurs.
In core geometry, the anisotropic scattering effect becomes remarkable for small core. This is because the neutron flux has large peak in the reflector for the anisotropic scattering because of the large neutron streaming from the core, and the neutron absorption becomes large. The anisotropic scatting decreased k eff by 1.0~1.5% ∆k/k for small cores considered here. When the core becomes large, the anisotropic scattering effect approaches the infinite cell patterns. So the anisotropic scattering effect is large only for the MOX fueled core.
